Abstract. In this paper, a wavelet-based adaptive control is proposed for a class of robotic manipulators, which consist of nonlinearities for friction effects and uncertain terms as disturbances. The controller is calculated by using a mixed of feedback linearization technique, supervisory control and ∞ H control. In addition, the parameter adaptive laws of the wavelet network are developed using a Lyapunov-based design. It is also shown that both system tracking stability and convergence of the error estimation can be guaranteed in the closed-loop system. Simulation results on a three-link robot manipulator show the satisfactory performance of the proposed control schemes even in the presence of large modeling uncertainties and external disturbances.
Introduction
Wavelet theory has a profound impact on signal processing as it offers a rigorous mathematical approach to the treatment of multiresolution. The combination of soft computing and wavelet theory has lead to a number of new techniques: wavelet networks and fuzzy wavelet [2, 7, 25] . It has been applied in a wide range of engineering disciplines such as signal processing, control engineering, pattern recognition and computer graphics. In the literature, some of the attempts are made in solving surface integral equations, improving the finite difference time domain method, solving linear differential equations and nonlinear partial differential equations and modelling nonlinear semiconductor devices [3, 6, 10-15, 21, 23, 24] . It has been shown that by employing the technique of feedback linearization and the theory of wavelet network, the robust adaptive control is designed based on Lyapunov method. The combination of wavelet theory and neural networks has lead to the development of wavelet networks. Wavelet networks are feed forward neural networks using wavelets as activation function. Wavelet networks have been used in classification and identification problems with some success. The strength of wavelet networks lies in their capabilities of catching essential features in "frequency-rich" signals. The origin of wavelet networks can be traced back to the work by [5] in which Gabor wavelets were used for image classification. Wavelet networks have become popular after the work by works [22, 26] . Recently, application of wavelet networks in identification and control design for a class of nonlinear dynamical systems has been investigated in [13] . On the other hand, robotic manipulators are non-linear models, if we take into account static frictions and dead zone will have non-linear models with unknown parameters. For systems that move at opposite directions and low speed (about zero), if we need high accuracy and performance, we have to consider static frictions and dead zone and if not, we will encounter a reduction in performance of system and even instability.
In the literature, there are some appreciable works related to utilizing different control techniques to the nonlinear robotic manipulators. These approaches often combine feedback linearization and optimal control techniques. It has been shown that how optimal control and adaptive control of robot motion may act in concert in the case of unknown or uncertain system parameters. Until now, often techniques that have been expressed need to exact model and exact value of model's parameters. However, in actual situations, the robot dynamics is rarely completely known, and it is thus difficult to express real robot dynamics in exact mathematical equations or to linearize the dynamics with respect to the operating point, see [4, 8, 9, 16, 17] and the references therein.
In this paper, a wavelet-based adaptive control is designed for a class of robotic manipulators. Model of robotic manipulators consists of some nonlinearity for friction effects and uncertain terms as disturbances. The controller is found by using the technique of feedback linearization, supervisory control and ∞ H control and the parameter adaptive laws of the wavelet network are developed using a Lyapunov-based |design. It is also shown that both system tracking stability and error convergence of the estimation for nonlinear function can be guaranteed in the closed-loop system. Simulation results on a three-link robot manipulator show the satisfactory performance of the proposed control schemes even in the presence of large modeling uncertainties and external disturbances.
The paper is organized as follows. In Section 2 we will review some fundamentals of wavelet networks and mathematical notations. In Section 3 we give a waveletbased adaptive control design for rigid robot systems. In Section 4, in order to demonstrate the validity of the proposed control method, a three-link robot controller is designed and simulated in the face of large uncertainties and external disturbances.
Wavelet Networks
The original objective of the wavelet theory is to construct orthogonal bases of ) ( L 2 ℜ . These bases are constituted by translation and dilation of the same function (.) ψ , namely wavelet function. It is preferable to take (.) ψ localized and regular. The principles of wavelet construction are as follows [13, 26] 
